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Validation of a new standardized method to
measure proximal aneurysm neck angulation
Jasper W. van Keulen, MD,a Frans L. Moll, MD, PhD,a Jip L. Tolenaar, MD,a Hence J. M. Verhagen, MD, PhD,b
and Joost A. vanHerwaarden,MD, PhD,a Utrecht and Rotterdam, The Netherlands
Purpose: This study presented and validated a new standardized method for the measurement of the aortic angulation in
patients with abdominal aortic aneurysms (AAA) and quantified the observer variability.
Methods: A standardized method to quantify aortic angulation was introduced. To measure aortic angulation, a center lumen
line (CLL) of the aorta was made, and a three-dimensional (3D) aortic reconstruction was obtained. The 3D reconstruction
was turned 360° perpendicular to the CLL in themiddle of the flexure. The sharpest angle of the CLLwas considered the true
angle of the aortic axis. The computed tomography angiography data sets of 20 patients scheduled for endovascular aneurysm
repair (EVAR) were obtained. The angles between the suprarenal aorta and the aneurysm neck () and between the aneurysm
neck and sac () were measured. Two observers independently measured the angles. Differences of each pair of measurements
were plotted against their mean and intraobserver and interobserver variabilities were calculated according to Bland and Altman.
Results: The intraobserver mean difference for angle  was 0.2° (0.5%), with a repeatability coefficient (RC) of 6.4°
(20.2%), and 0.6° (1.4%) for angle , with a RC of 6.2° (13.4%). The interobserver mean difference for angle was1.5°
(4.5%), with a RC of 6.9° (22.0%), and0.2° (0.4%) for angle , with a RC of 7.4° (16.0%). No significant differences
were observed between the observers.
Conclusion: The presented technique to objectively quantify the angulation of the aneurysm neck is easy to perform and
reliable. This method showed good intraobserver and interobserver variability and should therefore be the standard when
measuring and reporting aortic angulation. (J Vasc Surg 2010;51:821-8.)Endovascular aneurysm repair (EVAR) has become a
widely accepted therapy for abdominal aortic aneurysms
(AAA). EVAR has several advantages compared with open
aneurysm repair, and the short-term results of EVAR are
superior.1 To achieve good results with EVAR, patient
selection is a very important element. Only then can the risk
of EVAR-related complications be minimized, thereby im-
proving both the short-term and long-term results of this
procedure.2,3 The morphology of the aneurysm neck is
considered especially important in this process.4,5
The angulation of the proximal aneurysm neck is
considered one of the most important morphologic char-
acteristics with major negative effects on the results of
EVAR, including type I endoleaks, stent graft migration,
secondary interventions, and conversion.2,3,6-9 For this
reason, the instructions for use for all commercially avail-
able endografts have clear guidelines on maximal angula-
tion of the aortic neck. The reporting standards for EVAR
also contain recommendations regarding the investigation
of the aneurysm neck morphology.10
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doi:10.1016/j.jvs.2009.10.114Strangely enough, there is currently no consensus on
how to measure and quantify the aortic neck angulation
exactly. Thus far, most studies investigating the relation-
ship between neck angulation and outcome after EVAR
have used various techniques, but none have assessed the
observer variation of the methods they used.2,3,6,8,9
A recent study of observer variability for the measure-
ment of angulation of aneurysm necks on three-dimensional
(3D) computed tomography angiography (CTA) reconstruc-
tions11 concluded that there was substantial observer variabil-
ity. Therefore, it is mandatory that other techniques be inves-
tigated to minimize observer variability.
Confounders of aortic angle measurements. The
regularly used methods for angle measurement are operator-
dependent and not standardized. To improve the angle mea-
surement technique, it is important to acknowledge that
the aorta can angulate in several directions (dimensions)
simultaneously. Parts of the aorta are overlapping if a 3D
reconstruction of an angulated aorta is only viewed in one
direction; therefore, angulation itself can be a cause for
overestimation or underestimation of the aortic angle. To
minimize the influence of angulation itself on angle mea-
surements, an angle should be measured perpendicular to
the aortic lumen in the middle of the flexure, as shown in
Fig 1. Precise 3D navigation of an aortic reconstruction is
complex. It is hard to navigate a 3D reconstruction pre-
cisely 360° around a specific point in a plane perpendicular
to the aorta without aid in navigation.
Another reason for imprecise aortic measurements is
widening or narrowing of an aneurysm or aneurysm
neck. This widening or narrowing results in the inner and
outer curvature angles being possibly different from each
other, as can be seen in Fig 2. The mean aortic angle is
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aortic angle measurement technique should take these
problems into account and neutralize them in order to
Fig 1. A, An anteroposterior view of the aorta shows th
perpendicular to the center lumen line (CLL) in the mid
is measured as in Panel A, but now with a view perpendi
yellow line perpendicular to the CLL). Note the more se
the horizontal movement of the aorta, which is unnot
measured on the left is an underestimation.
Fig 2. The influence is shown of asymmetric widening of the
aorta on aortic angles. The angle of the inner curvature is more
severe than the angle of the outer curvature.be precise.The purpose of this study is to present a new standard-
ized measurement technique for aortic neck angles and to
quantify the observer variability of this technique. Our
hypothesis is that this technique is more precise than pre-
viously used methods, and has lower observer variability.
METHODS
Aortic neck angulations were determined by two ob-
servers on CTA data sets of 20 AAA patients (17 men) who
were a mean age of 72 years (range, 62-85 years). The data
sets of these 20 patients, who were scheduled for EVAR,
were randomly selected from our hospital EVAR database.
All images were acquired between 2004 and 2006.
Image acquisition. All CTA scans were acquired on a
64-slice CT-scanner (Philips Medical Systems, Best, The
Netherlands) with a standardized acquisition protocol
(scan parameters: 9-mm slice thickness, 0.7-mm incre-
ment). Intravenous nonionic contrast (120 mL; Iopro-
mide, Schering, Berlin, Germany), followed by a 60-mL
saline chaser bolus, was injected at a rate of 6 mL/s. The
scan was started using bolus-triggering software with a
threshold of 100 HU over baseline. The acquired data sets
were transferred to a workstation (3Surgery 4.0; 3Mensio
Medical Imaging B.V., Bilthoven, The Netherlands) for
measurement of the aortic neck angles.
Angle measurement technique. The aortic angula-
tions in this study are measured according to the following
standardized method:
First, a 3DCTA reconstruction of the aorta is acquired.
Second, an aortic center lumen line (CLL) is drawn
semi-automatically. An aortic CLL is calculated automati-
cally after start and end point of the CLL are placed in the
aortic lumen. The position of CLL spline points is checked
manually on transverse, orthogonal, and sagittal planes. A
surement of the infrarenal aortic angulation. B, A plane
f the infrarenal angle is added. C, The exact same angle
to the CLL in the middle of the angle (indicated by the
ngle measured on the right. The difference is caused by
because of aortic overlap in Panel A. Thus, the anglee mea
dle o
cular
vere a
icedspline point that is not in the middle of the aorta on one of
angl
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ally a center vessel line that needs correction if a vessel is
lined by, for instance, thrombus or calcification.
Third, a view perpendicular to the CLL in themiddle of
the angle is visually acquired. The middle of the angle is
defined as the inflection point of the lumen of the suprare-
nal aorta and the aneurysm neck for the suprarenal angle
() and the inflection point of the lumen of the aneurysm
Fig 3. The consecutive steps for aortic angle measurem
(CLL) is performed semi-automatically. CLL spline poin
necessary. B, An anteroposterior view of the aorta with
seen. The arrow indicates that the three-dimensional rec
view perpendicular to the middle of the infrarenal angle.
is seen (indicated by the yellow line perpendicular to
reconstruction should be rotated 360° around the green
the most severe angle over the 360° in the middle of theneck and the AAA sac for the infrarenal angle ().Fourth, the 3D reconstruction of the aorta is turned
360° around the middle of the angle. While turning the
3D reconstruction, the view is kept perpendicular to the
CLL. The most severe angle over the 360° in the middle
of the angle is measured with the use of electronic
callipers without predefined length of the rays. The
length of the rays along the CLL, however, is as long as
possible. An overview of the consecutive steps is given in
re shown. A, The construction of the center lumen line
ed points) are checked and can be corrected manually, if
e perpendicular to the middle of the infrarenal angle is
ction should be rotated along the green line to obtain a
view perpendicular to the middle of the infrarenal angle
LL). The arrow indicates that the three-dimensional
or measurement of the aortic angle.D,Measurement of
e with the use of electronic callipers.ents a
ts (r
a plan
onstru
C, A
the C
line fFig 3.
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in Fig 1, C. It is important to realize that the 3D recon-
struction is not turned 360° around the craniocaudal axis,
but around the axis of the CLL of the aorta (Fig 4). This
step urges the observer to inspect the aorta from every
different viewpoint and helps to navigate in a 3D model. A
reconstructed plane perpendicular to the CLL makes navi-
gation perpendicular to the CLL easier and will be seen as a
flat line if the view is perfectly perpendicular to the aorta
(Figs 1 and 4).
Evaluation. Two investigators performed the angle
measurements independently and in a random order. All
measurements were performed according to the measure-
ment technique described above. The suprarenal () and
infrarenal () angles were measured on all CTAs. The
suprarenal angle () is the angle between the flow axis of
the suprarenal aorta and the flow axis of the AAA neck. The
infrarenal angle () is the angle between the flow axis of the
aneurysm neck and the flow axis of the AAA sac (Fig 5). A
completely straight aortic neck corresponds to 0° angula-
tion, andmore angulation corresponds to higher degrees of
angulation.
The results of the two observers were compared to
assess the interobserver variability. For determination of the
intraobserver variability, one observer measured all aortic
angles twice, with an interval of 2 weeks. The intraobserver
and interobserver variabilities for the angle measurement
technique were calculated using the Bland and Altman
method.12 The differences between two measurements
were plotted against the mean values of these measure-
ments. The standard deviation (SD) of the mean difference
was calculated. The mean difference between two measure-
ments was considered the center of agreement. The limits
of agreement were defined as 1.96 SD above and below the
Fig 4. Three-dimensional reconstructions of the aorta a
line) in all reconstructions. The view in all reconstruc
(indicated by the yellow line perpendicular to the CL
three-dimensional reconstruction is turned 360° around
true angle.center of agreement. The repeatability coefficient (RC) wascalculated by squaring the differences of two measure-
ments, adding them, dividing them by n, taking the square
root and multiplying this number by 1.96.12
The differentmeasurements of the observers were com-
pared by a t test for paired data. Statistical significance was
assumed at P .05. Data are presented as mean SD. The
mean difference, SD, and RC are also presented as percent-
ages of the first measurements of observer 1.
RESULTS
The results are summarized in the Table. For observer
1, the mean  angle was 31.5° 19.1° (range, 7.4°-91.8°)
for the first measurement and 31.7°  19.3° (range, 8.0°-
92.4°) for the second measurement. For observer 2, the
mean  angle was 32.3°  19.5° (range, 7.2°-95.6°). For
observer 1, the  angle was 46.1°  16.6° (range 22.7°-
77.3°) for the first measurement and 45.5° 16.5° (range,
20.1°-74.2°) for the second measurement. For observer 2,
the  angle was 46.3°  15.2° (range, 24.6°-75.2°).
The differences of measurements plotted against the
mean of measurements for the interobserver and intraob-
server variability can be found in Figs 6 and 7. The intraob-
server mean difference for angle  was –0.2° (–0.5%), with
an RC of 6.4° (20.2%), and 0.6° (1.4%) for angle , with an
RC of 6.2 (13.4%). One  angle measurement difference
was outside the limits of agreement. All other measurement
differences were within the limits of agreement. No signif-
icant differences were observed between the two measure-
ments of observer 1.
The interobserver mean difference for angle  was
–1.5° (–4.5%), with an RC of 6.9° (22.0%), and –0.2°
(–0.4%) for angle , with an RC of 7.4° (16.0%). One
measurement difference for the  angle was outside the
wn. An aortic center lumen line (CLL) is created (yellow
is perpendicular to the middle of the infrarenal angle
, B and C, Note the differences in angle while the
oint. The most severe angle of the CLL is noted as there sho
tions
L). A
this plimits of agreement. All other measurement differences
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ences were observed between the two observers.
DISCUSSION
We have presented in this study a technique to quantify
Fig 5. The angle between the longitudinal axis of the suprarenal
aorta and the longitudinal axis of the abdominal aortic aneurysm
(AAA) neck () and the angle between the longitudinal axis of
AAA neck and the longitudinal axis of the AAA sac () are shown.
Table. Assessment of interobserver variability and
repeatability coefficients
Variable
Difference, dega
RC, degaMean SD
Angle 
Intraobserver 0.2 (0.5) 3.3 (10.6) 6.4 (20.2)
Interobserver 1.5 (4.5) 3.3 (10.4) 6.9 (22.0)
Angle 
Intraobserver 0.6 (1.4) 3.2 (6.9) 6.2 (13.4)
Interobserver 0.2 (0.4) 3.9 (8.4) 7.4 (16.0)
RC, Repeatability coefficient, SD, standard deviation.
aData in parentheses reflect the percentage of the first measurement.aortic angles as well as its observer variability. The interob-server variability of this technique is 6.9° for  (22.0%) and
7.4° for  (16.0%). This makes this measurement technique
far more reliable than other reported techniques.8,11 The
relative repeatability coefficients decrease, while absolute
angles increase (mean  angle 32.3°, mean  angle 46.1°).
The introduced method is therefore also reliable in more
severely angulated aneurysm necks.
A previously validated angle measurement technique
reported an interobserver variability of 19.4° (49%) and a
mean measurement deviation between two observers of
32.1%  24.8% (12.8°  9.9°).11 The interobserver vari-
ability using that method was therefore substantial, and the
authors stated that other technical approaches had to be
studied.
There are several reasons that probably make the tech-
nical approach used in this study more reliable. The tech-
nique we have described is more standardized than the
previously used methods. This standardization lessens the
influence of several clear confounders. The use of a CLL
minimizes the influence of widening and narrowing of the
aorta and thus inner-outer curvature differences. More-
over, we have experienced that the use of an aortic CLL
makes the location of the angles of the aorta more obvious.
Besides, 360° navigation perpendicular to a specific point
on this CLL urges the observer to inspect the 3D model of
the aorta from all sides. This minimizes the influence of
inaccurate 3D navigation and aortic overlap in this recon-
struction.
The current restrictions for the use of stent grafts in
angulated aneurysm necks are based on studies that deter-
mined the influence of angulated necks on EVAR outcome
and on laboratory studies performed by stent graft manu-
facturers. We believe that angulated aneurysm necks nega-
tively influence EVAR results, because several studies, using
different measurement techniques, concluded that these
results are influenced by angulations. However, it is at least
remarkable that all studies determining the influence of
angulations on outcome have used different, nonvalidated
angle measurement techniques.2,3,7-9 This makes the re-
sults of these studies less reliable and should be taken into
account.
Nevertheless, accurate and reliable measurement of
aortic angles is important. A reliable measurement tech-
nique of aortic angles helps to identify high-risk EVAR
patients preoperatively. Identification of these patients
might have consequences: an open procedure might be
considered or a specific stent graft that is more dedicated to
angulated necks might be used. Besides, it is imaginable
that the post-EVAR surveillance scheme will be stricter
in these patients. Adequate preoperative investigation of
the aortic angles might therefore prevent or permit early
detection of EVAR-related complications. Moreover,
the use of a standardized aortic angle measurement
technique is important to compare the results of several
studies and stent grafts. This is especially relevant as the
number of patients with angulated necks who are being
treated by EVAR is increasing with the introduction of
stent grafts especially designed to treat patients with
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ing, and in our center, for example, most patients with
angulations of up to 90° undergo EVAR if the aneurysm
neck length is 15 mm.
A different way to measure aortic angles is by a tech-
nique called trigonometry.14 For trigonometry, X, Y, and Z
values (coordinates) are needed on several CTA slices. With
the use of these values, angles can be calculated with the use
of several formulas. A major disadvantage of this technique
is the combination of several individual measurements (of
coordinates) and calculations. This makes this measure-
ment technique less likely to be used in clinical practice. It
is time-consuming and is therefore not the most optimal
way to measure aortic angles.
We have measured the observer variability of two aortic
angles. The angle between the axis of the AAA sac and the
infrarenal aortic neck is the most important landing zone
Fig 6. Bland and Altman plots show observer variabil
difference of pairs. The mean difference is close to zero,
(SD), are acceptable.for most EVAR devices, but the angle between the supra-renal aorta and the infrarenal neck is becoming more im-
portant with the use of stent grafts with suprarenal fixation
and branched or fenestrated stent grafts. The relation be-
tween these two angles is also of value. Opposing angles
will result in opposing forces on the most proximal part of
the stent grafts, possibly influencing the sealing and fixation
zone of the stent graft even more.
This study has some limitations. First, the aortic angle
measurement technique introduced in this study can only
be performed with the use of CTA postprocessing software.
CTA postprocessing software is currently, however, widely
available and (almost) all postprocessing software is able to
perform these angle measurements.
Second, the construction of a CLL makes the method
for angle measurements applied in this study a little more
time consuming than other methods. Nevertheless, the
construction of a CLL usually takes no longer than several
both angles. The mean of pairs is plotted against the
the limits of agreement, set as 1.96 standard deviationsity of
andminutes because it is often done automatically and is also
JOURNAL OF VASCULAR SURGERY
Volume 51, Number 4 van Keulen et al 827necessary for reliable diameter measurements and stent
graft sizing.15
Third, navigation perpendicular to a CLL can be diffi-
cult in some CTA postprocessing systems. The visual nav-
igation perpendicular to the CLL might be easier with the
use of a reconstructed plane (Figs 1 and 3). Moreover, the
determination of the middle of an angle in a gradual angle
may account for small differences between two observers.
Finally, a 2D measurement is only an estimation of a
3D angle. This might lead to overestimation or underesti-
mation of an aortic angle, but we could not correct for this
problem.
The observer variability in this study was acceptable:
the mean difference between two independent measure-
ments was close to zero. Besides, the limits of agreement
were satisfactory and were 8°. Although the repeatability
coefficients were up to 22% (6.9°), we believe they are
Fig 7. Bland and Altman plots show interobserver varia
difference of pairs. The mean difference is close to zero,
(SD), are acceptable.satisfactory, especially when the absolute degrees of angu-lation are being compared. Moreover, it was satisfactory to
see that the RC was comparable for both the  and 
angles, although the  angle was larger than the .
CONCLUSION
The technical approach for aortic angle measurements
described in this study is easy to perform and repeatable.
The variability in measured angulation was very low among
the observers. This standardized measurement technique
may be an improved method to optimize patient selection.
Besides, when EVAR studies are reported, standardized
measurements for aortic angulations might contribute to a
better way to compare results.
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